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Acknocoled 53/)78/72‘5

e Many of the issues discussed in this talk arose in the
writing of several papers:

e “Glauber Modeling in High Energy Nuclear Collisions”
e M. Miller, K. Reygers, S.J. Sanders, & PAS http://arXiv.org/abs/nucl-ex/0701025

e “The importance of correlations and fluctuations on the initial
source eccentricity in heavy ion collisions”

e B Alver, M. Baker, U. Heinz, C. Loizides, S. Manly (& PHOBOS!)
http://arXiv.org/abs/0711.3724

e “Quantitative and Conceptual Considerations in Extracting the
Knudsen Number in Heavy lon Collisions”

e J Nagle, PAS & W.A. Zajc, http.//arXiv.org/abs/0908.3684

¢ Thanks to my collaborators!
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Optical vs. MC Glawber




WAhat 1s a Nwclews?

A bound state of nucleons, with positions chosen
according to the Fermi distribution



WA 15 a Nwclews?

An average density distribution of nucleon positions
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Distributed according to a Fermi distribution
(or Hulthen, for d+Au)
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OPZ‘/‘CQ/ Z./‘M/‘Z‘ 4 pproac/’/

Side view Beam-line view

Target A

OAB — /de{l N 1 N O-znelTAB( ]AB}
everything based on smooth, averaged densities



Ann.Rev.Nucl.Part.Sci.57:205-243,2007

6/ aaéer MonZ‘e Car/ O

Oimel = /d%/dzs{"--d%ﬁd%f-'-dzsgx A complicated
Ta(s®) - T (sB)T5(sB) - - Tp(sB)x 800-dimensional

B A integral, evaluated
{1HH[16(b8?+S}3)]} by MC methods
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PHYSICAL REVIEW VOLUME 100, NUMBER 1

OCTOBER 1, 1955

Cross Sections in Deuterium at High Energies

R. J. GLAUBER

Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits

Recent measurements of nucleon attenuation at 1.4
Bev (where A=0.1X10"1 c¢cm) seem, on the contrary,
to reveal a substantial lack of additivity of the neutron
and proton cross sections, in deuterium.!? Measure-
ments with incident protons and incident neutrons
both indicate that the deuteron cross section is less
than the sum of the free-particle cross sections. The
measured differences, although obviously subject to
uncertainty, amount to 9 mb and 6 mb respectively,
values to be compared with o(%,p)=42 mb and o(p,p)
=48 mb. |

(Received May 27, 1955)

Some simple considerations may be of help in
indicating the nature of the effect. At these energies
the attenuation of the incident amplitude by incoherent
processes such as meson production may be schemat-
ically represented as due to a certain amount of absorp-
tion of the incident wave by the nucleons. Since the
incident wavelengths in these cases are evidently much
smaller than the ranges of interaction, the nucleons may
be thought of as casting fairly well-defined shadows.
It is then clear that absorption or scattering by either
nucleon is reduced when it enters the shadow of the
other. Astronomers have long been familiar with a
time-reversed analog of this effect; the decrease in
luminosity of binary star systems during eclipses.




Optical vs. Glawber

e Not a purely academic question

e Nucleon configuration can change event to
event, which is how we do physics at RHIC

(e.g. v2)

e Our techniques for estimating the geometry
should accomodate this

we average measurements, not vice versal
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In each event, measure energy of
particle density in n window
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We assume it iIs monotonic
with impact parameter
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physics fluctuations
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Then making cuts lets
95 010, (%) one relate a centrality bin
o L (% of cross section) with
N, a geometric variable

Fluctuations are an essential part of the procedure!



Fluctuations & Cerntrality

PHOBOS
white paper
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No experiment measures “clean” centrality bins
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OPZ(/‘CQ/ vs. MC

30%—-40%
20%—-30%
10%—-20% 6%—10%

Generically, ignoring fluctuations leads to
underestimating Npart INn peripheral events
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et on Observables
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n,=225 x_,=0.11£0.005 n.,=225 x_.=0.10£0.005
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(N,.) optical Glauber (N,.) Glauber Monte Carlo

Interpretation of data can be changed by using
different (i.e. wrong) Glauber approach
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Eccentricity Fluctuwadions

participants @

Optical limit

Glauber Monte Carlo

We know nuclei are made of nucleons,
Why “insist” that an average density
matters for flow measurements?







Participants trace out overlap zone, but include
1. Fluctuations (finite number per event)
2. Correlations (it takes two to tango...)

(NB: these are snapshots of nucleon configurations, not stable nuclear states!)



Track-based 200 GeV Au+Au
Hit-based 200 GeV Au+Au

Hit-based 130 GeV Au+Au

Hydrodynamic calculation
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4
Optical /

Glauber,
2-component
Initialization
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Phys.Rev.C72:051901,2005 <Npart>

These calculations go down to zero at b=0. The data don't.



Ce+Cus




Ce+Cus

Fluctuations can seriously deviate from nominal overlap
zone for small numbers of nucleons



Ce+Cus
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SLP CSPLAT) Approach

Sudden Localized Participant Approach

.

4sY

If total entropy is linear with Npart,
let us also assume that the matter is created
where the soft interactions occur.

If it thermalizes suddenly, then this is the initial state
for hydrodynamic evolution




Ce+Cus

Principal axes make sense if vo depends on shape
of produced matter (in SLP), not the reaction plane
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“Participant eccentricity”
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PHOBOS

O Hits
® Tracks

PHOBOS QM2006 R. Nouicer
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PHOBOS
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PHOBOS QM2006 R. Nouicer



Participant vs. Standard

PHOBOS MC "
nucl-ex/0610037 |Z| <8part> Cu+Cu

Phys.Rev.Lett.98:242302,2007. E' <8std> Cu+Cu
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If you see €~0 in central collisions, then you
are using the wrong eccentricity, or not including fluctuations



Phys. Rev. C 77, 014906 (2008)

Correl l1onsS 1» 4 +4 CollisSions

smooth densities
(leading to “standard” eccentricity)

standard Glauber MC
(nucleons collide in pairs,
fluctuations & correlations)

“mixed” Glauber MC
(sample nucleons from
different collisions,
fluctuations & coO [ONs)

NB: no correlations between nucleons in a nucleus




Phys. Rev. C 77, 014906 (2008)

%/{9/73/‘ roment s

full MCG Ratio to <, {4} from full MCG

— = Analytic (eq.B37) !
= === Mixed MCG

— . BO (eq.13)

&, full MCG

\Correlations 20 20 60 80

\ .. ~ Number of participants

=N Higher order terms

Number of participants

Using cumulants (e.g. €{2} for 2-particle observables)
to get back to s does not work (B&O truncated expansion too soon)

If this is not clarified, lots of papers will contradict each other!
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7”02(4/ Mee/ Z‘/p/ /‘CI‘ZE/

X

Total particle production
(« total entropy)

scales linearly with Npart

Phys.Rev.C74:021902,2006
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Who needs two components?




Mee/ Z‘/p/ /‘CI‘Z‘y C M/‘a/ —-rqp/a/ /‘Z‘y

(a) Au+Au collisions (b) Cu+Cu collisions

p+p Au+Au ’{‘ Au+Au p+p Cu+Cu
A 200 GeV -- A A 200 GeV
O 130 GeV O o 62.4 GeV
o) 62.4 GeV —_ ¥* * 22.4 GeV
¥* 19.6 GeV

0

Number of Participants

And yet, we all know that things look very different
at mid-rapidity: not at all linear with Npart

“Two-component model” dN Npart
pp § (1 — )

-y — + Nco
(Kharzeev & Nardi) dn " : ”}



4 3@/‘/75  Ceoo COmponenZ‘S

(a) Au+Au collisions (b) Cu+Cu collisions

'+¢|%§%HM*M* | J,M

%Cf)é@@@Q@OQQQ *

ocflo0Oo 0 o oo

p+p Au+Au Au+Au p+p Cu+Cu

v O 200/130 GeV A o 200/62.4 GeV
A O 200/62.4 GeV — A * 200/22.4 GeV
A i 200/19.6 GeV

100 200 300 0

Number of Participants

Centrality dependence does not change with energy
(so interpretation as semi-hard processes doubtful)

x = 0.13+0.01(stat)+0.05(stat) (PHOBOS 2004)
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Several ways to parametrize the two component
models in hydro models

o KLN dS 1 deart AN colr _
l—x)= |
dQQZJ_ > ( .CE)2 dQZUJ_ deZIZ‘J_ 1
e Hiranoetal dd5 - dNpars dN ol
- (1—
(2005) d2$J_ > _Cv dQZEJ_ ( Cv) dQQJJ_ Iy
= - - —
The two parametrizations are equivalent » = —

Several values floating around the literature

e Drescher et al (20006) use “80:207, i.e. x=0.8, or x=0.11
e Heinz et al use “85:15”, i.e. x=0.85 or x=0.08
Something seems problematic here

e Do these all reproduce dN/dn with the same precision?



Phys. Rev. C 77, 014906 (2008)

7, QI‘Z(/‘C/PQI?Z‘S vs. Collisions
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Only a 10% effect between peripheral & central with the
canonical value of x=0.13



But 17 can maldler !

NSZ, arXiv:0908.3684

Uncertainties Shown from Experimental Data Only

Drescher (MCG)

O Drescher (CGC)

Nagle, PAS, Zajc: varying the initial conditions for the eccentricity
have a strong effect on extracted n/s (using Knudsen number)



A /ost thread

Hydro modelers choose between energy and entropy density
(using EOS to map one onto the other, as Pasi reminded me)

hep-ph/0103234v3
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€ 0.¢
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dSNcoll 4/3
S 0.¢
O dxdydy Neott & Npars = SWN ! €EBC
€ X 84/3

Why would you choose €gc vs. two-component?



Check the detda/s!

arXiv:0804.4015v3

Glauber Glauber
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Romatschke & Luzum do choose €gc...and maybe they shouldn’t?



MC-KILN

MC'KLN iS a t”Cky case. Drescher & Nara, arXiv:0707.0249

—— PHOBOS AuAu
12+ = PHOBOS CuCu
— RHIC AuAu
--- RHIC CuCu

INn some formulations it’s just
esc (Lappi & Venugopalan)

part

dN/dn(n=0)/N

but in general it tends to —
“thrOW Ou.t” nUC|eOnS 50 100 150 2l\(l)rgrt250 300 350 400

FIG. 1: (Color online) Multiplicity for Au+Au and Cu+Cu
collisions at 200 GeV and PbPDb collisions at 5500 GeV. The

And i n particu Iar there are data is from the PHOBOS collaboration[9, 10].
implementations that
literally throw out nucleons [t ﬁrﬁﬁasﬁiiiﬁ, T the radius of the sampig

area 1S "max = \/Tinel / m, one overestimates the interac-

'tha't are “'too far” _ tion probability especially in the periphery, since nucleon |
pairs can have a distance up to 2P i - The1 efore, we im- =
proved on our previous model by rejecting those pairs

frOm eaCh Other with 7 > 7pax. In the p+p limit this 1esults in an addl |
~ tional factor 0.58 which 1s very close to the value found

in Refs. [7, 8] by accounting for the difference between
the inelastic and the geometric cross section of a nucleon.

But if you “fix” MC-KLN, fix e it
the Glauber similarly! onersy (VAR = 5500 GeV)




EfFect on v 5 Fleed e ations

C L0|Z|des & PAS (Au+Au TGIauberMC vi. 1)
o - eliminate smgle struck nucleons
X~ 0.5-0r nucleons w/ too-few neighbors
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— All participants

- ’ Nstruck>1

Core, >5nbs in 2fm

- PHOBOS o, /<v >
—= STAR o, /<V o> '

Glauber

Core, >2nbs in 2fm

50 100 150 2I\?0 250 300 350 400

part

Be careful when you change basic features.
They confuse things when the change is
not understood by the audience!

(And how much of MC-KLN is CGC, and
how much is the modification to Glauber?)




P A/ 1C \/el\f /on/nq 1S Feind, amental

¢ MC-KLN is an example where clear versioning should
be used on figures, but it applies to all initial state
calculations

e Model: we always refer to PDFs by their full names In
publications
e MRST2004, CTEQG.1M, EKS98, EPS08, etc.

e Our models of the initial state should be treated in
the same way
e T[GlauberMC v1.2
e MC-KLN vs. 1.01

e Then you are not just using “CGC?” initial conditions,
but a particular immplementation

e Wil allow theory-to-theory comparisons as well as theory-to-
experiment



Use YWEPForqge?

[trunk/macros - TGlauberMC - HepForge
| 4 <+ http://projects.hepforge.org/tglaubermc/trac/browser/trunk/macros C Q tglaubermc
O ## Mv Cleav FGv NYCv Servicesv LHCv Newsv Conferencesv Experimentsv Applev EBv Techv Artv

TGlauberMC 2 BGo! hosted by CEDAR HepForge

rome TGlauberMC issue tracker Seare

Subversion
Login Settings Help/Guide  About Trac

Wiki Last Change Revision Log

/ trunk / macros

View revision:

Size Rev Age Last Change

v
| runglauber_v1.1.C

TracBrowser

View changes... ‘

$trac

Open source, versioned, etc.




Conc/usions

e Put all of the initial state information up front!
e Nuclear density parameters
e [Exclusion radius (“hard core”)
e Maximum radius for interaction (“straggler cut”)
e [wO component parametrization (X, &)
e (ptical vs. MC glauber (or CGC variant)
e Participant plane or standard eccentricity
e Prefactor in front of S (1,211,411,...5€en ‘em all)
e Energy or entropy (and EOS if needed)
e Version numbers for initial state codes!
e [GlauberMC, MC-KLN, etc.
e Always show (& scrutinize) comparisons with data!
e Use a twiki or website if you have lots of plots







My charge

Comparing apples with apples: How do
experimentalists define centrality classes and,
for each such class, N part, n ch, <b>, \ecc,
etc. and their E-by-E fluctuations? What will
theorists have to do, in terms of including or
averaging over E-by-E fluctuations, to produce
theoretical output that can be directly compared
with the data?



